We have investigated in detail the expression patterns of two Gata genes, cGata2 and cGata3, during early chick development. In addition to con®rming previously described expression of these two genes in developing brain, kidney and blood islands, this study reveals several important novel expression domains during very early stages of development. cGata2 is expressed in the area opaca in pre-primitive streak stages, forming a gradient along the A±P axis (strongest anteriorly). Both genes are expressed strongly in the entire non-neural ectoderm from stage 41, and neither is expressed in prospective neural plate at any stage. Unlike other previously described non-neural markers, neither gene is expressed in the dorsal neural tube. We also describe dynamic expression of cGata2 and cGata3 during eye, ear and gut development. q
Results
The vertebrate Gata family of zinc ®nger transcription factors contains six members, Gata1±6. Gata proteins have been shown to play important roles in hematopoiesis and heart and gut development (Evans and Felsenfeld, 1989; Tsai et al., 1989 Tsai et al., , 1994 Pevny et al., 1991; Laverriere et al., 1994; Pandol® et al., 1995; Kuo et al., 1997; Molkentin et al., 1997) . More recently, Gata2 and Gata3 have also been suggested to play a role in early embryonic patterning in Xenopus and Zebra®sh (Zon et al., 1991; Neave et al., 1995; Bertwistle et al., 1996; Read et al., 1998; Sykes et al., 1998) . To date, the expression of chick Gata2 and Gata3 has been studied in situ only with embryos older than E3.5 (stage 22) (Kornhauser et al., 1994) , while their presence during early development has been analyzed only by reverse transcription±polymerase chain reaction (RT-PCR) (Leonard et al., 1993) . In this report we have examined in detail, using whole mount in situ hybridization, the expression pattern of cGata2 and cGata3 from pre-primitive streak stage X (Eyal-Giladi and Kochav, 1976) to early limb bud stages of chick development.
In pre-primitive streak stages (X±XIII) (Fig. 1A ) and early streak stages HH2-3 (Hamburger and Hamilton, 1951) (Fig. 1B) , cGata2 is highly expressed in the anterior area opaca. The expression forms a striking gradient along the A±P axis (strongest anteriorly). This expression is restricted to the epiblast (Fig. 1K ) and is visible as early as stage X, revealing that the anterior part of the embryo is molecularly distinct even before hypoblast formation begins. Other genes so far described are expressed either in the posterior marginal zone (e.g. Vg1) (Shah et al., 1997) or uniformly in the area opaca (e.g. Bmp7) (Streit et al., 1997) . However, one recent study (Pera et al., 1999) reported that the chick dlx5 gene is expressed in the preprimitive streak embryo in a pattern similar (but not identical) to that of cGata2. One difference is that dlx5 is expressed in both epiblast and hypoblast. This early expression of cGata2 disappears abruptly at stage 31 and a new domain appears at stage 4±41 in the prospective non-neural ectoderm. This is initially weak and restricted to the anterior region ( Fig. 1C ), but rapidly intensi®es and expands laterally and posteriorly (Fig. 1D) . By stage 5, it covers the entire non-neural ectodermal area (Fig. 1E ). Although cGata2 expression is mainly restricted to the epiblast (Fig. 1L) , we have also detected weak expression in the lateral mesoderm (Fig. 1L ). Expression in non-neural ectoderm persists during neurulation (Fig. 1F±H) . From stage 5, cGata2 is also expressed in the posterior primitive streak, from where extraembryonic mesoderm cells are derived (Schoenwolf et al., 1992; Psychoyos and Stern, 1996) . Starting from stage 7, cells in the forming blood islands express cGata2 strongly (Fig. 1F,G,N) . After neurulation, the non-neural ectodermal expression of cGata2 fades gradually and new expression is detected in the lateral portion of the somites (Fig. 1H,O) , the lateral epithelium of the otic vesicle (Fig.  1I,Q) , mesenchymal cells surrounding the optic cup ( Fig.  1I ,P) and ventral hindbrain (Fig. 1J,R) .
Unlike cGata2, we did not detect cGata3 expression in pre-primitive streak or early streak stage embryos. cGata3 starts to be expressed at stage 4±41, in a pattern very similar to that of cGata2, in the area surrounding the prospective neural ectoderm (Fig. 2A) , and quickly expands posteriorly (Fig. 2B) . Expression of cGata3 at these stages is only observed in the epiblast (Fig. 2I ) and persists throughout neurulation (Fig. 2C,D,J) . However, unlike other non-neural markers (e.g. Bmp4, msx1) (Liem et al., 1995) , neither cGata3 nor cGata2 is detectable in the dorsal neural tube (Figs. 2J,M and 1M,O) . Unlike cGata2, cGata3 expression is barely detectable in blood islands. By stage 8, strong expression is seen in the developing foregut (Fig. 2D,J) , and later becomes restricted to the ventral region (Fig.  2L) . After stage 10, new expression domains appear in the developing eye, including both prospective lens ectoderm and optic vesicle (Fig. 2E,K) , and in the otic region (Fig.  2E,L) . cGata3 expression in the eye then weakens and is replaced by strong expression in mesenchymal cells surrounding the optic cup (Fig. 2F) , as with cGata2 (Fig.  1I ). An interesting difference is that cGata3 is only expressed in dorsal mesenchymal cells (Fig. 2F ) while cGata2 is expressed in both dorsal and ventral cells (Fig.   1I ). We also detected cGata3 in a small posterior-proximal region of the developing limbs (both fore-and hindlimbs) (Fig. 2G) , in the intersomitic vessels (Fig. 2G) and in a restricted, proximal portion of duodenum (Fig. 2H) . In addition, consistent with previous observations (George et al., 
